We have determined the nucleotide sequence of a 2375-base-pair DNA fragment, which contained the sporulation gene spoOA cloned from Bacillus subtilis. The sequence had only one long open reading frame consisting of 239 codons, which was found to correspond to the spoOA gene by comparing the nucleotide sequence of the wild-type gene with those of the mutant alleles. The calculated molecular weight of the product of the wild-type spoOA gene was 26,500. We found also a new mutation, sgi, which maps within the spoOA gene.
Under conditions of nutrient deprivation, Bacillus subtilis initiates a temporally ordered developmental process that culminates in the endospore formation. The initiation of the sporulation process is under the control of at least nine spoO genes, mutations in which block the sporulation at stage 0 (1-3). Among them, spoOA mutations are the most pleiotropic for many properties associated with sporulation, such as competence for genetic transformation, sensitivity to bacteriophage 42, production of antibiotics, and sensitivity to the antibiotics produced by the wild-type strain (1, 4) . spoOC mutations are less pleiotropic than the spoOA mutations, although the spoOC mutations map close to the spoOA locus (5, 6) .
We previously cloned an 8.0-kilobase (kb) chromosomal fragment that contained the intact genes of spoOA and spoOC onto temperate phage p1l (7) . Our recent results of genetic complementation studies between the spoOA and spoOC mutations with a prophage merodiploid system indicated that the spoOC mutation was located within the spoOA gene (unpublished data). We also identified the spoOA gene product as a protein of approximately Mr 27,500 (8) .
In this communication we describe subcloning of the 8.0-kb fragment with temperate phage 4105 as a vector. We obtained a 2.4-kb Bcl I fragment that contained an intact spoOA gene. We have determined the nucleotide sequence of the 2.4-kb fragment containing the wild-type spoOA gene and also those of the spoOA12, spoOC9V, and sgi-1 mutant alleles. The last mutation designates a mutation that suppresses the growth inhibition of the host cells caused by a multicopy plasmid containing the wild-type spoOA gene.
MATERIALS AND METHODS
Bacterial Strains. B. subtilis 9V (trpC2 spoOC9V), which was supplied by P. Schaeffer, was used throughout as a host strain for transduction with 4105 transducing phages carrying the spoOA gene. B. subtilis 1S9 (trpC2 pheAl spoOA12) was obtained from Bacillus Genetic Stock Center (The Ohio State University). The original spoOA12 mutant SR22 (trpC2 spoOA12) was supplied by J. Spizizen. The spoOA12 mutation was considered to be a nonsense mutation, which was suppressed by sup-3 (9). B. subtilis SS209 (trpC2 pyrDi ilvAl recE4) was used as a host for plasmids. BD224 (SS273) (trpC2 thr5 recE4), which was obtained from Bacillus Genetic Stock Center, was also used as a host for plasmids.
Phages and Plasmids. The )105dspoOA+-1 tranducing phage carries an 8.0-kb chromosomal fragment containing an intact spoOA gene. The 105dspoOAJ2-1 phage contains the spoOA12 mutant gene on the 2.4-kb Bcl I fragment within the 8.0-kb HindIII fragment. Plasmid pBD9, which was obtained from Bacillus Genetic Stock Center, confers resistance to kanamycin (Kmin and erythromycin (Em') (10). The single Bcl I site on this plasmid is located in the Emr gene. Cloning of foreign DNA into the Bcl I site of pBD9 results in the formation of Kmr Em' transformants.
Cloning of the 2.4-kb Bcl I Fragments Containing the WildType spoOA Gene or Its Mutant Alleles. To sublcone the 8.0-kb HindIII fragment, we constructed a restriction map of the fragment by performing a series of single or multiple restriction enzyme digestions on the purified 8.0-kb fragment. The results of transformation experiments with purified subfragments indicated that the spoOC9V mutation site was located near the EcoRI site in the 1.0-kb region flanked by Xba I and Sac I sites on the 2.4-kb Bcl I fragment. We cloned the 2.4-kb Bcl I fragment onto temperate phage 4105 and constructed the )105spoOA+-Bc-1 phage by the prophage transformation method (11) . This phage DNA was digested with Bcl I to yield the 2.4-kb fragment that carried an intact spoOA gene. Plasmid pBBC1 (6.75 kb), which is pBR322 harboring the wild-type spoOA gene on the 2.4-kb insert, was constructed as described (8) .
We cloned the 2.4-kb fragment containing the wild-type spoOA gene into pBD9 (8.0 kb) in B. subtilis SS209 or SS273, but the presence of the recombinant plasmid (10.4 kb) resulted in the growth inhibition of the host cells. Cells outgrown from very small colonies of the transformants harboring the recombinant plasmids were isolated. They harbored the 10.4-kb plasmid, but the insert of this plasmid was found to contain a mutation (sgi) that relieved the growth inhibition. Of the three independently isolated 10.4-kb plasmids, pBA1, the plasmid containing the sgi-1 mutation, was studied further. The 2.4-kb Bcl I fragment of the pBA1 plasmid was cloned into the BamHI site of plasmid pBR322, thereby giving rise to a recombinant plasmid pBXCM1, which carried the sgi-J mutation on the 2. transformants had the SpoOA phenotype, including inability to produce antibiotics and sensitivity to the antibiotics produced by strain 168. These observations suggested that the sgi-1 mutation was located near or within the spoOA gene and may be one of the spoOA mutations. Construction of plasmid pBBCAi (6.75 kb) harboring the spoOA12 mutant allele on the 2.4-kb insert has been described (8) . We also constructed plasmid pBBCC1 (6.75 kb) harboring the spoOC9V mutant allele on the 2.4-kb insert as follows. The 4105dspoOC9V-1 phage, which contained the spoOC9V mutant gene on the 6.75-kb HindIII fragment, was isolated. The 6.75-kb HindIII fragment was composed of plasmid pBR322 and the 2.4-kb BcR I fragment containing the spoOC9V mutant gene. The 4AO5dspoOC9V-1 DNA was digested with HindIII and ligated with T4 DNA ligase. The ligation mixture was used to transform E. coli to ampicillin resistance and from one of the transformants as isolated pBBCC1.
In Vitro DNA-Directed Protein Synthesis. Plasmid DNA-directed transcription-translation reactions (12) were performed with a prokaryotic DNA-directed translation kit obtained from Amersham as described (8 Fig. 1 . To determine the location of the spoOA gene within the 2.4-kb fragment, deletion derivatives of pBBC1 were constructed by ligation of the Bgl II-digested 2.4-kb fragment into the BamHI site of pBR322 or by site-specific cleavage of the pBBC1 DNA and ligation. DNAs of each deletion plasmid were used to transform strain 9V:spoOC9V or 1S9:spoOA12 to Spo+. The results were shown in Fig. 1 . The pBBB1 plasmid DNA that carried the 1.17-kb Bgl II-Bcl I fragment possessed the SpoOC+ transforming activity, but the pBBH1 plasmid DNA that carried the 1.22-kb Bcl I-Bgl II fragment did not. When the 1.0-kb EcoRI fragment was removed from pBBC1, the remaining DNA in the deletion plasmid pBBC1AE lost the SpoOC+ transforming activity. The pBBB2AE plasmid DNA, which carried the 0.62-kb EcoRIBcl I fragment, had the activity. These results indicated that the spoOC9V mutation site was located on the 0.62-kb EcoRI-Bcl I fragment. Since our previous results showed that the spoOC9V mutation site was located on the 1.0-kb Xba I-Sac I fragment, we concluded that the mutation resided in the 0.43-kb EcoRI-Sac I fragment. The pBBC1AE plasmid and the pBBC1AH plasmid carrying the 1.42-kb Hpa IBcR I fragment, on the other hand, possessed the SpoOA+ transforming activity, while either the pBBB1 or the pBBH1 plasmids did not. These results indicated that the spoOA12 mutation site was located near the Bgl II site on the 0.80-kb Hpa I-EcoRI fragment.
Nucleotide Sequence Analysis. The nucleotide sequence of the 2.4-kb fragment containing the wild-type spoOA gene was determined by the chain-termination method (13) with M13 phage vectors (14) . Our strategy of sequence analysis is outlined in Fig. 2 . The nucleotide sequence contained only one open reading frame long enough to encode a polypeptide the size of the spoOA gene product, Mr 27,500 (8) . This reading frame consisting of 239 codons corresponded to the spoOA gene from the results of sequence analysis of the mutant alleles as described below. The nucleotide sequence of the spoOA gene and the surrounding region together with the deduced amino acid sequence is shown in Fig. 3 . The calculated molecular weight from the presumptive amino acid sequence is 26,500. It is close to the value determined by NaDodSO4/polyacrylamide gel electrophoresis.
The nucleotide sequences of the fragments containing the spoOA12, spoOC9V, and sgi-J mutation sites were determined as follows. The nucleotide sequence of the 1.23-kb Hpa I-Sac I fragment of plasmid pBBCA1 DNA, which con- analyzed by NaDodSO4/polyacryiamide gel electrophoresis as described previously (8) . Lanes correspond to in vitro products synthesized from the following templates: 1, no added DNA; 2, pBR322; 3, pBBC1; 4, pBBCCl; 5, pBBCM1; 6, pBBC1AH. The positions of the products of amp, spoOA, and sgi-1 genes are indicated.
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Proc. NatL Acad ScL USA 82 (1985) tained the spoOA12 mutation, was determined and compared with that of the Hpa I-Sac I fragment of plasmid pBBC1 DNA. The two fragments were found to be identical except that cytidine at nucleotide + 184 in pBBC1 was replaced with thymidine in pBBCA1, which changes the 62nd CAG codon for glutamine to the amber stop codon TAG (Fig. 4) . The comparison of nucleotide sequence of the 0.43-kb EcoRISac I fragment of plasmid pBBCC1 DNA that contained the spoOC9V mutation with that of the EcoRI-Sac I fragment of plasmid pBBC1 DNA revealed that the two fragments were different at nucleotide +686, where cytidine in pBBC1 was replaced with thymidine in pBBCC1. As shown in Fig. 4 , this replacement of the nucleotide results in the change of the 229th GCG codon for alanine to the GTG codon for valine. These results show that the open reading frame described above is the correct one and confirm our recent results of genetic studies that the spoOC mutation is located within the spoOA gene (unpublished data).
The site of the sgi-1 mutation was located on the 1.20-kb Xba I-Bd I fragment of plasmid pBBCM1 DNA. The nucleotide sequences of the corresponding two fragments of 1.20 kb of pBBC1 and pBBCM1 DNAs were identical except that the latter had an insert Qf adenosine between nucleotides +666 and +667 of the former. The insertion caused a frameshift mutation at the 223rd codon, which produced a new open reading frame consisting of 230 codons (Fig. 4) .
Analysis of the Gene Products. We previously synthesized the spoOA+ and spoOA12 gene products programmed with pBBC1 and pBBCA1 plasmid DNAs as templates in a DNAdirected cell-free system (8) . The molecular weight of the former product was -27,500 and of the latter was -6,300. We also determined the nucleotide sequences of the three mutant genes. We found that the spoOA12 mutation, which was reported to be a nonsense mutation by Hoch (9) , was an amber mutation at the 62nd codon. The spoOC9V mutation was found to be a missense mutation at the 229th codon, which is the 11th codon upstream from the termination codon. By this mutation, the alanine residue was replaced with a valine residue. The sgi-1 mutation, which relieved the growth inhibition, was found to be a frame-shift mutation at the 223rd codon of the spoOA gene and to bring about the termination at the 230th codon. These results indicated that the COOH-terminal region of the spoOA protein was essential for its function in the sporulation process.
The initiation codon (ATG) of the spoOA gene is preceded by a sequence, 5' A-A-G-G-A-C-A-G-G 3', that has a calculated binding energy (AG) with the 3' end of the B. subtilis 16S rRNA of -13.8 kcal/mol (1 cal = 4.18 J) (15) . Therefore, this sequence can function as a ribosome binding site in B. subtilis cells (16) . On the other hand, 84 base pairs upstream from the initiation codon ATG, there exists a GTG codon in phase. The sequence 5' G-G-A-G-G 3' preceding the GTG codon has a calculated binding energy with the 16S rRNA of -14.4 kcal/mol. Since GTG can function as an initiation codon in prokaryotes (17) , we cannot exclude the possibility that the GTG initiation codon in the spoOA gene is utilized in B. subtilis cells.
The spoOA mutant strains have been reported to possess several properties different from those of the wild-type strain in the vegetative phase as well as in the sporulating phase (18) (19) (20) (21) (22) . In this communication we described that the vegetative growth of host cells was inhibited by the spoOA gene carried by a multicopy plasmid and that the growth inhibition was relieved by a mutation that occurred within the spoOA gene on the plasmid. These results indicate that the spoOA gene is expressed in the vegetative cells. In the vegetative cells of B. subtilis a major form of RNA polymerase is the peptide o-"-containing enzyme (Eo55), which recognizes the promoter sequence similar to the E. coli consensus sequence (23) . The 5' flanking region (upstream of the Hpa I site) of the spoOA gene contains a promoter-like sequence that could be recognized by the o55-containing RNA polymerase. The sequences for the -35 and -10 regions of this promoter-like sequence were 5' T-A-G-A-A-T 3' and 5' A-A-T-A-T-T 3', respectively (Fig. 3) .
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